Variations occur in bone structure throughout life, and the constant absorption and replacement of bone tissue which occurs is termed skeletal remodelling.
Before skeletal maturity is reached, appositional growth predominates, but afterwards in early and middle adult life the formation and absorption of bone are in equilibrium. In old age, the positive or anabolic phase of growth is superseded by the negative or catabolic phase which leads to atrophy of all the tissues. In bone there is rarefaction; histologically the lacuna are increased in size and these have the appearance of 'pores' in macroscopic specimens and are present in the deepest layers of compact bone presenting the picture of senile osteoporosis. Mechanik (1928) studied the weight of human bone marrow and stated that in young people the weight of bone substance is more than double that of the marrow. Conversely, in older subjects the bone weight is less than that of the marrow. In fact, bone substance progressively diminishes with advancing age.
As an introduction to laboratory studies typical aspects of the radiological picture of senile osteoporosis may be considered: These are found ¶in the vertebra and pelvis, and only in advanced cases are changes seen in the long bones. These changes may be explained by the assumption that a loss of about 50 % of mineral content of bones takes place before osteoporosis is apparent (Babaiantz 1947 , Turano 1953 & 1954 , Forni 1951 ). I disagree with this assumption, and believe that a decrease in the number of normally calcified trabecule and the formation of enlarged marrow spaces determine the increased radiolucency of senile bone.
In advanced senile osteoporosis the vertebral bodies become transparent, their structure is no Meeting October 3 1961 Paper longer visible, and only the outlines are seen. Radiographs are poor due to lack of contrast with soft tissues. The thoracic vertebral bodies may become wedge-shaped and the lumbar ones biconcave. In extreme cases, hairline fractures and latet true compression fractures appear, and numerous marginal exostoses are typical. Thus, the vertebrw of the thoracolumbar region provide satisfactory features on which to base research into osteoporosis.
MATERIAL
The twelfth thoracic and first lumbar vertebre from 103 cadavers of both sexes and various ages have been examined by myself and my coworkers, Dr A Bertolin and Dr M Falzi. They were subdivided into four age groups: Group 1: Under 30 years (8 cases) Group 2: 30-50 years (16 cases) Group 3: 50-65 years (29 cases) Group 4: 65-93 years (50 cases) Vertebre from young people were included to facilitate comparison with those of advanced age.
INVESTIGATIONS AND RESULTS

Radiology
An X-ray of the whole bone was carried out. Sagittal and transverse sections 3 mm in thickness were cut from the centre of each vertebral body and X-rayed. These sections were then macerated in 10% hydrogen peroxide, photographed and X-rayed again for comparison with preceding pictures.
The macerated sections presented a much clearer picture with distinct trabeculm, whereas before maceration similar radiographs were less clear and the trabeculk ill-defined. This blurring was due to background opacity, which was always present, and confirms in our opinion the difficulty of obtaining information about the true anatomical structure of the spine from X-rays in life. Macroscopic Structure In subjects of Group 2 (30-50 years) the cancellous bone reaches the maximum stage of development (Fig 1) . The trabecule are compact, but not uniformly so throughout the vertebral body. Adjacent to the upper and lower surfaces the trabeculae are compact and regularly arranged; the intermediate layers are of similar thickness to the preceding zones and show a progressive change from trabecular into a lamellar and sometimes into the laminar structure characteristic of the middle zone. In contrast to the superior surface, the lamellar structure of the inferior surface is constantly thicker and has the appearance of compact bone.
In Group 3 (50-65 years) the morphology changes, although this is not constant in all subjects, and even if related to age it must be regarded as an individual phenomenon. There is early and evident preponderance of the number of vertical trabeculh over transverse ones. The laminar structure of the mid-zone encroaches upon and replaces the compact trabeculae adjacent to the upper and lower surfaces. The dense lamellar shelf, especially the inferior one, is always thicker, and provides a basis for osteophyte formation, which is common in people over 50. Occasionally, deficiencies in the upper or lower surfaces are associated with herniation of the intervertebral disc into the cancellous tissue, providing an example of degeneration affecting the whole axial apparatus.
In Group 4 (65-93 years) involution of the vertebrw is most marked and the presence of degenerative processes more frequent. The vertical lamine are thicker and fewer (Fig 2A, B) . Detail is shown in high-power view (Fig 3A, B) . The change justifies the established name 'hypertrophic atrophy' of cancellous bone.
Microscopic Studies
A typical feature of ageing in long bones is the transformation of cortical bone into a more spongy structure, the cortex becoming thinner. The cortex is composed of small regular osteones scattered between fragmented interstices. A similar change occurs in flat bones, whose trabecule become thin and sparse, and the medullary spaces wider.
It is well known that the bone lacunm and their canaliculi are surrounded by a membrane composed mainly of mucopolysaccharide called the Rouget-Neumann sheath. In normal bone this membrane stains metachromatically. The filtration of materials essential to the cell in forming ground substance is ascribed to this membrane. According to recent observations, in addition to bone building the osteocyte has a regulating function on the metabolism of matrix, a true osteoclastic action. This may be hypothetical in certain forms of bone atrophy where the presence of osteoclastic elements is apparently not proportional to the actual lesions.
In bones from Group 3 (50-65 years) the cells are fewer and typical changes in the Rouget-Neumann sheath appear. The processes in the canaliculi are shorter, less numerous and often twisted. The lacune contain cells with pyknotic and often orthochromatic nuclei ( Fig 4A) . In some areas lacunm are completely filled with orthochromatic material ( Fig 4B) .
In Group 4 (65-93 years) there are fewer trabeculh and an increase in marrow space ( ( Fig 6A, B) . The ground substance shows variable staining properties: In some cases trabecult are strongly metachromatic, whereas in others only cement lines exhibit metachromasia. The alteration in morphology and staining characteristics of bone in old age suggests a disturbance in the function of those cells concerned with the production of ground substance.
These histochemical studies are related to the morphology of the problem of ageing and their interpretation depends on quantitative studies. To elucidate this problem the biochemical changes associated with ageing have been considered, and the results might provide a reliable guide to distinguish between normal and pathological states.
BIOCHEMICAL INVESTIGATIONS
Changes in Percentage Values of Spongy Bone Components according to Age Investigations were carried out on 65 vertebra from subjects representative of all ages. Analysis was made for total nitrogen, hydroxyproline, total polysaccharide as hexosamines, calcium, and total phosphorus. 
Schematic representation of different amounts of groteins in the ground substance of human spongy
In the organic matrix total nitrogen decreases in old age to 50% of the value found in young people; collagen as determined by hydroxyproline content increases by about 30 %; and total polysaccharide of ground substance as determined by hexosamine content showed a decrease of more than 500% (Table 1) .
Contrary to expectation the ponderal variations in the organic fraction of senile bone are not accompanied by similar changes in the inorganic content which undergoes no particular quantitative change with age. For example, the calcium content of senile bone constitutes 18-19% of the dry weight of bone and its decrease in old age does not exceed 6-9% of the value found in young people. The changes in calcium content are not paralleled by that of phosphorus. In consequence the calcium to phosphorus ratio is lowered, giving the impression that in old age there is a slight selective loss of mineral ions. However, we are inclined to the view that this is only an apparent change, because in that period of life a large amount of phosphate esters is frequently present owing to the simultaneous existence of osteomalacia as well as osteoporosis. These esters could raise the level of inorganic phosphorus.
These results indicate that in senile involution of bone, investigations must be directed to a study of the organic fraction and not the mineral salts. Table I Chemical-analytical study on human spongy bone: summary 
Section of Orthopardics
In any case, a more profound knowledge of the ground substance is necessary.
The mucoproteins of connective tissue matrix influence local metabolism. Current concepts consider the mineralization of the organic framework to depend on mucoprotein of the ground substance in bone. Therefore, to increase our understanding of the mucoprotein of the ground substance special methods of fractionation were adopted.
Fractionation of Human Vertebral Bone Mucopolysaccharides
The technique of Dische et al. (1958) was used to obtain fractions of bone mucopolysaccharides. A segment of macerated bone, weighing 0-4-05 g was decalcified for forty-eight hours in a saturated solution of bisodium salt of ethylenediamine-tetra-acetic acid (EDTA). From that solution samples were taken, after twenty-four and forty-eight hours, for the quantitative estimation of amino sugars and hydroxyproline. The amount extracted with this solution together with mineral salts has been tested after dialysation and lyophilization, by paper chromatography, to detect the various amino acids, and by column chromatography to determine the ponderal composition of the two amino sugars.
Using this method four fractions were obtained: Fraction 1: Na-EDTA-soluble, believed to be linked to the mineral salts and therefore necessary to ossification. Fraction 2: Comprised the residue (Na-EDTAinsoluble) representing the organic framework of bone which is composed of collagen and residual carbohydrates bound to it. Fraction 3: Obtained by treating fraction 2 with alkaline alcohol (potassium hydroxide in alcohol). The solution is centrifuged, and fraction 3 is contained in the supernatant fluid, because it is soluble in alkaline alcohol. Fraction 4: The alkaline-alcohol-insoluble residue contains this fraction, which is reputed to behave as a cementing substance binding the elementary units of collagen together.
The two most important are fraction 1 (Na-EDTA-soluble) and fraction 4 (alkaline-alcoholinsoluble).
Sodium-EDTA-soluble fraction: In addition to extracting the mineral salts of the bone, a protein fraction linked to the mucopolysaccharide was removed at the same time. This mucoprotein was bound with the minerals of the bone. In early life, the amount of amino sugars of the ground substance belonging to this fraction reached 48 % of the total amino sugars of bone. In senile subjects it was only about 25% (Fig 7) . Estimated by column chromatography the two amino sugars (glucosamine and galactosamine) were always present in the mucoprotein material, but in advancing years the ponderal ratio was less: The mucoprotein linking mineral salts in young subjects was rich in galactosamine and the ratio between the two amino sugars often reached 3 : 1 or more. On the other hand, in the aged the amount of galactosamine diminishes and the galactosamine-glucosamine ratio was less than 1 8: 1. The amino acids constantly isolated from these mucoproteins were cystine, lysine, arginine, aspartic acid, glycine, glutamic acid, alanine, valine, leucine. In addition serine, treonine and proline were occasionally isolated. Hydroxyproline was always absent, and this, in association with a lack of increase in mucoprotein fraction after prolonged extraction, suggests that this fraction behaves like a typical mucoprotein of the ground substance, and confirms the hypothesis of a close relationship between mucoprotein and mineral salts.
Alkaline-alcohol-insoluble fraction: After hydrolysis in alkaline alcohol complete extraction of organic matrix occurred. A small but definite mucoprotein fraction of the bone matrix resistant to hydrolysis was isolated. This fraction acts as a cementing substance between single polypeptide chains and regulates fibrillogenesis. The aminosugar content increased progressively from 13 % in young people to about 23 % in old age (Fig 7) .
To appreciate this it must be remembered that in old age there is more than 50 % decrease in the total amino sugars compared with younger age groups. Galactosamines predominate, but the ratio between the hexosamine in this fraction varies from 3*3 in the young to 2 3 in old people. The amino acids extracted from this mucoprotein include alanine, leucine, tyrosine, proline, glutamic acid, glycine, arginine, lysine and cystine. DISCUSSION It is accepted that the different hexosamine content of each mucoprotein fraction, and therefore ofeach type ofneutral or acid mucopolysaccharide, whether sulphated or not, depends on different linkages between the components of the matrix and also on the stage of polymerization. This characterizes the well-known changes which occur in the ground substance with ageing.
The variations in composition of the protein matrix of bone, especially of the two principal mucoprotein fractions of the ground substance, show that in old age bone undergoes changes revealing a profoundly altered and lowered metabolism of ground substance. This is proved by the different composition of mucopoly- A, before, and B, after hydrothermal contraction at 650 C saccharides in senile bone matrix compared with that in young bones. In advanced age, the hyaluronic acid and keratosulphate as well as the neutral mucopolysaccharides replace the chondroitin sulphuric acid in many mucoproteins as is shown by the altered ratio between the two amino sugars. This influences the linkages between organic matrix and mineral salts, and also the reactivity of collagen rendering the function of the organic framework unstable. It is such changes that may be concerned not only with ageing, but also in many systemic congenital and acquired diseases.
Recently it was shown that altered metabolism of the ground substance of connective tissue is responsible for Marfan's syndrome. The same can be said for gargoylism; and also osteogenesis imperfecta tarda as my collaborators Bertolin & Greco (1962) have shown in recent investigations.
The changes in mucoprotein metabolism in rickets and osteomalacia are well known. My colleagues have demonstrated that in patients with advanced osteoporosis with chronic tubular insufficiency, the daily loss of mucopolysaccharide and hydroxyproline in the urine is five times that in normal subjects.
Finally, we have tested the reactivity of collagen by means of hydrothermal contraction (Figs 8 & 9) . Such contraction was accentuated in old age and showed relationship with the changing content of hydroxyproline: the collagen of markedly atrophied vertebrx, whose contraction was greater than that of young people, contained an increased amount of hydroxyproline. This biophysical phenomenon shows that the greater the intensity of hydrothermal contraction, the higher is the loss of amino sugars from the bone collagen and that this is independent of the content of amino sugars.
We can conclude by saying that senile bone atrophy in particular and osteoporosis in general are caused by a reduced supply of materials to the structurally and functionally wellorganized storehouse which is formed by the bones.
Young tissues are very active and are supplied with an abundance of organic material. Nature becomes less generous as old age is approached; the matrix of bone becomes less active and the supply of materials is curtailed whether for construction or maintenance of the collagen: Thus, the organic and mineral framework becomes rarefied, and there is a decrease in the density of bone so characteristic of old age.
